Abortive synaptogenesis as a factor in the inner hair cell degeneration in the Bronx Waltzer (bv) mutant mouse.
The Bronx Waltzer (vb) mutation in the mouse results in the degeneration of most but not all of the primary auditory receptors, the inner hair cells, and their afferent neurons. We analyzed the ultrastructure of 94 inner hair cells in the intact postnatal mutant mouse and in neonatal cochleas in culture to understand the pathogenesis of hair cell death and to detect factors that may prevent it. The vb spiral neurons of the Bronx Waltzer display two distinctive features: some of them continue to divide mitotically for at least seven postnatal days, and the type I radial fibers that innervate inner hair cells display a deficiency in immunoexpression of GAD. The growing endings of spiral neurons converge around the inner hair cells or, in their absence, invade the outer hair cell region. Their profuse sprouting among inner spiral sulcus cells contributes to the characteristic ultrastructural picture of the bv cochlea. During the first three days after birth, 40% of the inner hair cells appear normal and innervated, 40% are mostly denervated and degenerating, and 20% are immature, with minimal or no neuronal appositions. However, in mutants 6 days and older only a few inner hair cells survive, and these show either normal or superfluous afferent innervation and axosomatic GABAergic efferent innervation. Degeneration of inner hair cells begins with a distention of the nuclear envelope and the ribosomal endoplasmic reticulum. The outer nuclear membrane eventually breaks, and exudate fills the cell interior. The cellular edema leads to cell death. We propose that success or failure in synaptic acquisition is a decisive factor in the survival or decline of the mutant inner hair cells. We also suggest that the developmental delay in maturation of the spiral ganglion neurons (type I) and the failure in their synaptogenesis may be caused by an impairment in neurotrophin (NT3/BDNF) synthesis by their mutant receptor cells.